Clinics in Orthopedic Surgery • Vol. 11, No. 3, 2019 • www.ecios.org outcomes, maintenance of anterior vertebral height, and range of motion (ROM) after implant removal in patients who underwent the short-segment fixation using percutaneous screws. Early removal of the implant leads to correction loss in vertebral height and Cobb angle (CA), whereas late removal of the implant causes stiffness during intervertebral movements. Therefore, the objective of this study was to investigate whether implant removal after vertebral fracture consolidation could preserve ROM. In addition, we sought to determine the proper time for implant removal to maximize restoration of ROM. 8, 9) This study hypothesized that restoration of ROM could be achieved by implant removal performed after natural bone healing and consolidation of fractured vertebrae and that early removal of the implant could maximize restoration of ROM.
METHODS

Patients and Study Design
This study enrolled 30 patients (16 males and 14 females; between 16 and 73 years of age) whose thoracolumbar burst fracture or flexion-distraction injury was diagnosed between March 2011 and October 2017 at Chonnam National University Hospital. We checked magnetic resonance imaging (MRI) scans of all patients to evaluate the thoracolumbar injury classification and severity score (TLICS) and posterior ligamentous complex injury. Patients with TLICS of 4 or more were treated surgically with PPSF. They underwent implant removal at an average of 12.8 months after fixation. The average follow-up was 18.3 months after surgery, and 5.5 months after implant removal. Their injuries were caused by traffic accidents (10 patients), falling (17 patients), direct injury (two patients), and slipping down (one patient). The fractured vertebra was T11 in one patient, T12 in two patients, L1 in 10 patients, L2 in eight patients, L3 in five patients, and L4 in four patients (Table 1) . To investigate whether the time of implant removal influences anterior vertebral height ratio (AVHR) and ROM, 16 patients who were checked for ROM were divided into two groups based on the time of implant removal. Group A consisted of nine patients whose implant was removed within 12 months after surgery while group B consisted of seven patients whose implant was removed at more than 12 months after surgery (Table 2) .
We conducted this study in compliance with the principles of the Declaration of Helsinki. The protocol of this study was reviewed and approved by the Institutional Review Board of Chonnam National University Hospital (IRB No. CNUH-2019-004). Written informed consents were obtained.
Surgical Procedures
All procedures were performed under general anesthesia in prone position. The fracture site was confirmed by fluoroscopy, and the entry point was set. An approximately 2-cm incision was done, and a pedicle pilot hole was made using a guide wire and a dilator. Pedicle screws were inserted into the fractured vertebra and one level above and one level below the fractured level. After pedicle screw insertion, a rod was also inserted using a special placement system.
Clinical and Radiological Evaluations
Functional outcome was assessed by Oswestry disability index (ODI). Back pain was quantified using a visual analog scale (VAS). Radiological assessment was performed after implant removal regarding AVHR, sagittal CA, and intersegmental ROM with supine anteroposterior lateral and flexion-extension roentgenograms. Supine radio- 
Statistical Analysis
Data were analyzed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). Paired t-test was used to determine the significance of intergroup differences in preoperative, postoperative, and last follow-up values (Tables 3 and 4) presented as mean and standard deviation. Mann-Whitney U-test was used to determine the significance of differences between group A and group B (Table 2) presented as median with maximum and minimum values. A p < 0.05 was considered significant. 
RESULTS
Clinical Results
Mean VAS score was 6.7 before surgery and 1.2 at final follow-up. Mean ODI score was 35.9 before surgery and 9.5 at final follow-up. At the final follow up, significant pain relief was achieved compared to preoperative values (p < 0.05) ( Table 3 ). There were no significant differences in VAS and ODI between group A and group B (p > 0.05).
Radiological Results
Postoperative AVHR and CA were significantly improved compared to preoperative values. Preoperative mean AVHR was 71.9%, whereas postoperative mean AVHR was 91.7% (p < 0.05). Immediately after implant removal and at the last follow-up, mean AVHR was 87.9% and 86.6%, respectively, showing some correction loss at the last follow-up (p < 0.05). The mean CA decreased from 9.1° preoperatively to 0.8° postoperatively (p < 0.05). Despite the small increase in mean CA at the last follow-up to 4.6°, this value was not significantly higher than the mean postoperative CA (Table 4) . Intersegmental ROM was calculated at the last follow-up with Cobb's method in 16 patients.
The mean ROM was 4.1°. It showed a slight improvement compared to that just before implant removal, which was considered to be motionless. Of the 16 patients who were evaluated for ROM, nine patients had implant removal within 12 months (group A) and seven patients had removal after 12 months (group B). Mean ROM of group A assessed after implant removal was significantly higher than that of group B (mean: group A, 1.3° vs. group B, 6.3°, p < 0.05; median: group A, 3.7° vs. group B, 1°, p < 0.05) ( Table 2 , Figs. 1 and  2) . AVHR loss and CA showed no significant difference between the two groups (p > 0.05).
Surgery-Related Complications
Two cases of screw breakage were observed when implants were removed. However, they showed satisfactory outcomes at the last follow-up. There was no other complication such as nonunion or postoperative infection. sue damage, muscular denervation, atrophy, and pain that occur in traditional spinal fixation. In many studies, compared with the conventional pedicle screw fixation, PPSF significantly reduced complications such as postoperative pain, surgical time, and bleeding, although the clinical, functional, and radiological outcomes of PPSF are almost the same as the conventional technique. [4] [5] [6] In addition, PPSF followed by implant removal after bone consolidation has been found to have advantages of early ambulation, minimal tissue injury, and complete motion reservation. Some studies have shown that after natural bone healing, implant removal makes it possible to preserve motion, leading to satisfactory outcomes. 8, 9) In our study, sagittal deformity was improved after surgery in all patients. The correction was maintained with small losses of AVHR (preoperatively, 71.9%; postoperatively, 91.7%; and at last follow-up, 86.6%) and CA (preoperatively, 9.1º; postoperatively, 0.8º; and at last follow-up, 4.6º) until the last follow-up after implant removal. It was difficult to determine the reason for the correction loss because we did not check MRI after surgery in our patients. However, in previous studies of kyphosis and vertebral collapse, intervertebral disc collapse was identified as the main cause of postoperative kyphosis in patients with thoracolumbar fracture. In addition, disc creeping into the depression of the vertebra through central depression of the end plate can contribute to kyphosis and vertebral collapse. [10] [11] [12] Mean ROM after implant removal was 4.1°, meaning some restoration of ROM, but not as much as we had expected. Although it took a relatively short time (mean, 1 year) to remove the implant, it could be considered that the stiffness of the joint occurred and the ROM was not fully recovered. We divided patients into two groups according to the timing of implant removal to determine how the timing of removal affects the recovery of ROM and decide proper time for implant removal. Patients who had implant removal within 12 months after surgery had better ROM recovery than those who had implant removed after 12 months. There were no significant differences in AVHR loss and CA between the two groups. This suggests that consolidation progressed in most cases and stiffness was prevented in those with early implant removal within 12 months.
DISCUSSION
Minimum percutaneous methods of spinal fixation have been developed to avoid complications including soft tis-
There were two cases of screw breakage in our study. We usually used 7.5-mm pedicle screws for PPSF. How- ever, for patients with narrow pedicles, we attempted to use 6.5-mm screws. In the two cases of screw breakage, the screw diameter was 6.5 mm, which might have affected screw breakage. In consideration of these cases, placing large pedicle screws into smaller-diameter pedicles seems reasonable and can prevent instrumentation failure. 13) This study has some limitations. First, this was a retrospective study reviewing collected clinical information of patients. There might have been selection bias. A prospective study involving subgroups divided by implant removal time is needed to decide that the exact timing of implant removal. In addition, the number of patients included in the study (N = 30) and in ROM evaluation (n = 16) was too small for optimal statistical analysis. Moreover, the mean follow-up period was relatively short: 18.3 months after surgery and 5.5 months after implant removal.
In summary, PPSF followed by implant removal after consolidation of vertebrae appears to be a safe and effective treatment that can provide restoration of ROM. It is necessary to establish the appropriate timing for metal removal between the time of joint stiffness and the time of bone union. In our study, early removal of implant within 12 months after surgery provided better achievement of ROM than removal after 12 months. However, there was no significant difference in AVHR between early removal and late removal groups.
